ABSTRACT Background: Few studies have evaluated the association of diet and weight status with head and neck cancer outcomes. Objective: The purpose of this study was to determine whether pretreatment dietary patterns and weight status are associated with head and neck cancer prognosis. Design: This was a longitudinal study of 542 patients with newly diagnosed head and neck cancer who completed food-frequency questionnaires and health surveys before treatment. Clinical data were abstracted from medical records and the Social Security Death Index. Dietary patterns were identified by using principal component analysis. Cox proportional hazard models were used to examine the association of derived dietary patterns (fit by quintiles of exposure) and weight status with time to recurrence and survival, with control for covariates. Results: During the study period, there were 229 deaths and 184 recurrences. Two dietary patterns were identified: a whole-foods pattern (characterized by high intakes of vegetables, fruit, fish, poultry, and whole grains) and a Western pattern (characterized by high intakes of red and processed meats, refined grains, potatoes, and French fries). In multivariable analyses, significantly fewer deaths were observed in subjects most adherent to the whole-foods pattern (HR: 0.56; 95% CI: 0.34, 0.92; P-trend = 0.01). Subjects classified as overweight or obese had significantly fewer deaths (HR: 0.65; 95% CI: 0.49, 0.85; P = 0.001) and recurrences (HR: 0.70; 95% CI: 0.52, 0.95; P = 0.02) than did normal-weight or underweight subjects. Conclusion: Consumption of a diet rich in vegetables, fruit, fish, poultry, and whole grains and being overweight before diagnosis with head and neck cancer are associated with a better prognosis.
INTRODUCTION
Often combined into a single category, head and neck squamous cell carcinoma (HNSCC) 4 is a heterogeneous disease that includes squamous cell cancers of the oral cavity, oropharynx, nasopharynx, hypopharynx, and larynx. Five-year HNSCC survival rates have remained steady at w60%, likely because of late detection and high rates of persistent or recurrent disease. An estimated 50% of patients develop recurrence within the first 2 y after diagnosis (1, 2) . Evidence suggests that poor nutritional status and low consumption of foods and nutrients with chemopreventive properties increase the risk of developing HNSCC (3), but little research has investigated the role of diet and weight status in HNSCC prognosis. Modifiable lifestyle factors, such as diet and nutritional status, may present a feasible approach for improving head and neck cancer survival and recurrence rates.
A small number of studies have examined the association of HNSCC prognosis with individual food groups (eg, fruit and vegetables) (4, 5) or nutrients (6) (7) (8) (9) . Most of these studies had small sample sizes (5) (6) (7) (8) and yielded inconclusive or null results (4, 5, 7, 9) , and none have examined overall dietary patterns. Our group previously reported that low pretreatment fruit intake is negatively associated with survival in bivariate analyses (4) . It may be more informative to examine the combined, rather than the individual, effects of dietary exposures on HNSCC prognosis because it is likely that the many nutrients and nutritive compounds in food interact and work synergistically to produce a stronger effect than any individually (10) . Examining overall dietary patterns is advantageous because it allows for the ability to relate usual intake of a range of nutrients to disease prognosis and can be used as the basis for translational research aimed at developing population-specific nutritional interventions and dietary recommendations.
Weight status, as measured by BMI [weight (kg)/height (m) 2 ], may be inversely associated with mortality, because patients classified as overweight or obese (BMI .25) at the time of HNSCC diagnosis have a longer survival time than do similar patients with a lower BMI (11) (12) (13) (14) . Previous studies that investigated this association had either a small sample size (13) , measured as weight status several years before diagnosis (11), or did not consider recurrence as an outcome (11, 12) .
The objective of this study was to characterize pretreatment dietary patterns and to determine whether dietary patterns and weight status predict recurrence and survival among HNSCC patients; other known prognostic factors were controlled for, such as demographic characteristics, smoking, problem drinking, cancer site and stage, comorbidities, and treatment. The hypotheses were that diets high in fruit, vegetables, lean proteins, and unprocessed foods as well as overweight or obese status would be associated with better prognoses, whereas diets high in fat, processed foods, and red meat and normal or underweight status would predict worse prognoses.
SUBJECTS AND METHODS

Design
This was a prospective study of patients enrolled in the University of Michigan Head and Neck Specialized Program of Research Excellence (UM HN-SPORE). The independent variables of interest were pretreatment dietary patterns and weight status. Control variables were age, sex, cancer site and stage, treatment, comorbidities, smoking, and total energy intake. The dependent (outcome) variables were disease recurrence and allcause survival.
Study population
Patients with newly diagnosed HNSCC were recruited to participate in this study as part of the UM HN-SPORE. Institutional Review Board approval was granted from the University of Michigan Health System (Ann Arbor, MI), the Veterans Affairs Health Care System (Ann Arbor, MI), and the Henry Ford Health System (Detroit, MI). Patients were recruited between January 2003 and December 2008. Of 1185 patients approached, 934 consented, yielding a response rate of 79%. Exclusion criteria included 1) ,18 y of age, 2) pregnancy, 3) non-English speaking, 4) diagnosis of mental instability, or 5) diagnosis of another non-upper aerodigestive tract cancer. Patients who did not complete a baseline food-frequency questionnaire (FFQ; n = 300), had previously diagnosed HNSCC (n = 40), and did not have a signed informed consent on file (n = 3) were excluded. The Rosner method was used to detect statistically influential outliers based on reported daily energy intake (15); 5 participants were identified and excluded. Comparative analyses of participant characteristics (chi-square tests for categorical and t tests for continuous variables) indicated that women reporting consumption of .3500 kcal/d and men reporting .4000 kcal/d were more likely to report being current smokers and having an alcohol problem than were the rest of the study population. Because problem drinkers may be unreliable reporters, they were excluded from the analyses (n = 44) to avoid potential systematic confounding. Although conservative, these upper bounds are considered reasonable for making exclusions based on energy intake (16). We did not exclude a priori based on a lower energy bound because most of the participants presented to the clinic with advanced cancers that may have hindered dietary consumption before diagnosis. Nevertheless, the lowest reported daily energy intake was 519 kcal/d, which is greater than the usual lower bound of 500 kcal. The final sample size included 542 patients with newly diagnosed HNSCC.
Procedures
Participants completed a self-administered health questionnaire at baseline that collected data on demographic characteristics, tobacco use, alcohol use, physical activity, sleep, comorbidities, depression, and quality of life. A medical record review was completed at baseline and annually for each study participant, from which data on tumor site and stage, recurrence status, treatment modalities, and survival were abstracted.
Measures
Predictors: dietary intake and weight status
Dietary intake data were collected by using the self-administered, semiquantitative Harvard FFQ, which was designed to assess respondents' usual dietary intake from food and supplements over the past year. The reproducibility and validity of the 131-item questionnaire was reported previously (16) (17) (18) . The FFQ includes standard portion sizes for each item [eg, 1 apple or 3 oz (85 g) chicken], which allowed participants to choose their average frequency of consumption over the past year from a list of 9 choices ranging from "almost never" to "$6 times per day." Total energy and nutrient intake was estimated by summing intakes from each food based on the selected standard portion size, reported frequency of consumption, and nutrient content of each food item. Daily food group servings were estimated by summing the frequency weights of each food item based on reported daily frequencies of consumption (16) . Weight status was classified as overweight/obese (BMI .25) or normal/underweight (BMI #25) based on self-reported height and weight.
Covariates
Demographic variables were age, sex, race, level of education, and marital status. Smoking data were categorized as current/ former versus never smoking, and alcohol abuse was measured by using the previously validated Alcohol Use Disorders Identification Test (AUDIT); an AUDIT score $8 indicated problem drinking (19) . Tumor site was recorded from operative notes and surgical pathology forms and categorized into 3 groups: 1) oral cavity, 2) pharynx, and 3) larynx. To increase the statistical power of stage-wise comparisons, cancer stage was categorized a priori into 3 groups: TNM stages 1 and 2 were collapsed, whereas stage 3 and stage 4 were considered separately. Comorbidities were measured by using the Adult Comorbidity Evaluation-27 and categorized into none or mild comorbidities compared with moderate to severe comorbidities (20) . Depression was measured by using the 5-item Geriatric Depression ScaleShort Forms (21) . Treatment was categorized into 6 groups to allow individual treatment approaches, including multimodal therapy, to be estimated separately: 1) surgery only, 2) radiation only, 3) surgery and radiation, 4) radiation and chemotherapy, 5) all treatment (surgery, radiation, and chemotherapy), or 6) unknown treatment or none.
Outcome: survival and recurrence
Outcome variables were recurrence and overall survival. The subjects were followed up every 3 mo, which allowed for tracking patient status (alive or deceased). Each participant was censored from their last annual chart review as alive or deceased and recurrence or no recurrence as of February 2012. Death and recurrence data were obtained from medical records and the Social Security Death Index. Research assistants abstracted recurrence dates from medical records. Time to recurrence was calculated as the number of days from the date of diagnosis to the date of first recurrence. Patients with persistent disease were assigned a recurrence time of 1 d if they had completed treatment but were never determined by a medical doctor to be disease-free.
Statistical analysis
Descriptive statistics (means and frequencies) were generated for all demographic, epidemiologic and clinical variables. A Pearson's correlation analysis was conducted between selfreported weights and weights abstracted from medical records among a random sample of 27 participants, which showed excellent correlation between self-reported and clinical measures of weight (r = 0.98). Dietary intake data were assessed for missing values and energy outliers by using standard techniques (16) . Food-consumption data derived from the FFQ were classified a priori into 39 foods and food groups by using methods similar to those described in previous studies of dietary patterns and disease (10, 22) . Pretreatment dietary patterns present in the study population were derived by principal component analysis by using the orthogonal rotation procedure. For the establishment of the number of factors to retain in the final analysis, eigenvalues ($3.0), Scree test, percentage of variability explained, and interpretability of factors were considered (23) . Pattern factor scores were calculated for each study participant by summing reported intakes of the factor food variables weighted by factor loadings. Dietary pattern scores were categorized into quintiles for analysis with survival and recurrence.
Cox proportional hazards models were used to estimate HRs and 95% CIs for the associations of survival and recurrence with each retained dietary pattern and weight status. Previous evidence suggests differential associations of BMI and HNSCC mortality between smokers and nonsmokers (11) . As such, we stratified the analyses by smoking status (current/former compared with never smokers). Covariates were assessed for collinearity, and exclusions of covariates in final models were made if they were highly correlated with other variables. The final multivariable models were fit by including age, sex, and cancer site in the model and using a forward selection strategy for the remaining potential covariates. Covariates considered for final models were age, sex, race, education, marital status, cancer site, stage, treatment, comorbidities, smoking, alcohol problem, multivitamin use, and depression. Final models for survival and recurrence included age, sex, site, stage, treatment, comorbidities, and smoking. HRs and CIs were estimated for each quintile of dietary pattern score compared with the lowest, quintile 1, and a test for trend across increasing quintiles of intake was performed. Dietary pattern and weight-status variables were included in the same multivariable models to investigate the independent association of each with survival and recurrence. All statistical analyses were performed in SAS 9.2 or 9.3 (SAS Institute Inc).
RESULTS
During longitudinal follow-up, there were 229 death events (42.2%) and 184 recurrence events (33.9%). Median follow-up time was 2199 d (w6.0 y; range: 19 d to 8.3 y). Overall epidemiologic characteristics of the study population are shown in Table 1 . The mean age of the study participants was 59 y. Most of the participants were white (92.6%), male (78.6%), and married (61.9%). Just more than half of the participants were college graduates. The most common tumor location was the pharynx (56.3%), and most participants presented to our clinics with late-stage (III or IV) cancers (65.1%). More than 75% of participants were current or former smokers, and w25% reported an alcohol problem (24% with an AUDIT score $8). Approximately 60% of patients were classified as overweight or obese at the time of diagnosis, slightly less than the proportion observed within the general US population (68%) from 1999 to 2008 (24) .
Two major dietary patterns were identified with principal component analysis. The first pattern, termed the whole-foods pattern, was characterized by high intakes of vegetables, fruit, legumes, fish, poultry, whole grains, fruit juice, olive oil, nuts, and garlic. The second pattern, termed the Western pattern, was characterized by high intakes of red and processed meats, refined grains, French fries, potatoes, condiments, high-fat dairy products, margarine, butter, eggs, coffee, desserts, snacks, mayonnaise, and regular beverages. The factor-loading matrix for the 2 dietary patterns is presented in Table 2 .
Select characteristics of the study participants, according to quintile of factor score for each dietary pattern, are shown in Table 3 . Patients in the highest quintile of whole-foods pattern score were more likely to have a higher BMI, be older, be female, be never smokers, and be more highly educated and were less likely to have an alcohol problem than those in the lowest quintile. Patients with the highest whole-foods pattern scores also consumed more servings per day of fruit, vegetables, whole grains, fish, and poultry and less total, saturated, and trans fat. Conversely, patients in the highest quintile of Western pattern score were more likely to be younger, male, less educated, and have an alcohol problem and were less likely to be never smokers than those in the lowest quintile. Patients in the highest quintile tended to consume more servings per day on average of red and processed meats, refined grains, potatoes, and French fries and more total fat than patients with low Western pattern scores.
Kaplan-Meier curves for the association between each dietary pattern-categorized by quintiles, survival, and recurrence-are shown in Figure 1 . HRs and 95% CIs for survival and recurrence in association with the whole-foods and Western dietary patterns are shown in Table 4 . There was a significant and increasing trend toward a decreased risk of mortality across increasing quintiles of whole-foods pattern score in multivariable analyses. Although there appeared to be a trend toward a decreased risk of recurrence across increasing quintiles of whole-foods pattern scores, this association was not statistically significant in multivariable analysis. No significant associations were found between Western dietary pattern scores and survival or recurrence.
In multivariable analyses, the participants classified as overweight or obese before treatment had a significantly lower risk of mortality and recurrence than did patients classified as normal or underweight. The results shown in Table 5 are from the multivariate model that includes the whole-foods dietary pattern as a covariate. The significant association between weight status and survival persisted in stratified analyses for both ever smokers and never smokers. The significant inverse association between recurrence and pretreatment BMI persisted for ever smokers, but was no longer significant for never smokers. Kaplan-Meier curves for the association between BMI and survival and BMI and recurrence for the total population, and stratified by 
TABLE 3
Selected characteristics and dietary intakes of subjects by quintile of dietary pattern score (n = 542) smoking status, are shown elsewhere (see Supplemental Figure 1 under "Supplemental data" in the online issue).
DISCUSSION
This study showed that a high whole-foods dietary pattern score before treatment was associated with a lower risk of recurrence and enhanced survival among HNSCC patients, independent of other factors known to influence prognosis. Being overweight or obese at the time of diagnosis was also associated with better prognosis, independent of diet. These results support and build on the work of prior studies. A small prospective cohort study in Spain reported a significantly reduced risk of recurrence, overall mortality, and cancer mortality in participants consuming high amounts of vegetables before and after diagnosis of oral cancer (5) . Similarly, our prior work showed a trend of increased risk of death among HNSCC patients with a low fruit intake, although this was not statistically significant in multivariable analysis. Other studies have reported significant inverse associations between plasma carotenoids, specifically lutein, a-carotene, and b-carotene (6), and lycopene (7) and HNSCC survival. Our findings support the results of these studies, because higher plasma carotenoid concentrations may reflect a higher fruit and vegetable intake consistent with the whole-foods pattern.
The foods that characterize the whole-foods pattern are rich sources of vitamins, carotenoids, and polyphenols with known anticancer functions. Individually, many of the nutritive compounds abundant in these foods have been shown to reduce inflammation and oxidative stress in the body; maintain normal cellular processes such as cell growth, proliferation, and apoptosis; inhibit angiogenesis; and stimulate phase II detoxification enzymes to promote the excretion of carcinogenic compounds from the body (25, 26) . All of these functions are shown to inhibit tumor growth, which may explain the associations between higher whole-foods pattern score and reduced HNSCC mortality and recurrence. In a subset of this same HNSCC population, our group recently reported an association between hypomethylation of tumor suppressor genes and increased intakes of folate, vitamin B-12, vitamin A, and cruciferous vegetables (27) . It is possible that a high consumption of foods characterizing the whole-foods dietary pattern can alter the tumor DNA methylation profile in these patients, which allows tumor suppressor genes to continue being expressed and thus contributing to survival.
No association was found between HNSCC prognosis and Western dietary pattern score. This result was unexpected, because a high consumption of red and processed meats was previously shown to be associated with cancer development (28) and mortality (29) . It has been hypothesized that high consumption of these foods is involved in tumor development and progression due to the carcinogenic actions of heterocyclic amines and aromatic hydrocarbons produced during the cooking of red meat and of nitrates and nitrites present in processed meats (30) . One possible explanation for the lack of association between the Western pattern and prognosis is that many patients with high baseline Western pattern scores may have changed their dietary intake after diagnosis with HNSCC. Evidence suggests that many people attempt to make positive lifestyle changes, including changes in diet, after a cancer diagnosis (31, 32) . If patients decreased their consumption of foods included in the Western pattern and increased their consumption of foods included in the whole-foods pattern, the potential adverse effect of a Western diet may have been countervailed by the protective effect of the foods with anticarcinogenic (and antimetastatic) activities. Future studies should address whether patients' dietary patterns change after diagnosis of HNSCC, throughout treatment and in the years following, and how these potential changes affect prognosis.
The finding that overweight and obese pretreatment BMI was associated with a decreased risk of mortality and recurrence in the total study population supports the findings of data collected from the larger Cancer Prevention Study-II cohort and the Nutrition cohort case-control study (11) and evidence from 2 smaller cohort studies of HNSCC patients (12, 13) . The mechanisms underlying the association of higher BMI with lower recurrence and mortality are unclear. It is estimated that .50% of patients with advanced HNSCC experience significant weight loss and cachexia during the course of disease (33) . Marked weight loss and cachexia are associated with an increased susceptibility to infection and treatment-related toxicity and with a reduction in quality of life and the likelihood of survival (34) . The increased fat and energy stores of overweight and obese patients may help them to withstand deterioration in nutritional status resulting from cachexia and rigorous treatment regimens (13) .
To our knowledge, this was the largest study to date examining the association between diet and HNSCC prognosis and the first to relate overall dietary patterns to HNSCC outcomes. The longterm follow-up time and ability to control for multiple confounding factors are strengths of this study. Whereas the observational study design allows for the determination of an association between dietary patterns and weight status with disease prognosis, it does not demonstrate causality. Our work previously suggested significant differences in survival by cancer site, in which patients with laryngeal cancer had the best survival (4, 35) ; however, in this study we report no significant difference in survival by cancer site, perhaps because of the longer follow-up time as we continue this longitudinal study.
The heterogeneous nature of the study population with regard to tumor site was a limitation; however, we were able to control for site in the final models, and the large numbers of patients allowed for good statistical power. Whereas we did not have biochemical verification for smoking status, our work (36) and the work of others (37, 38) have shown .90% sensitivity and specificity for self-reported compared with biochemical validation of smoking status, with low misclassification rates; thus, self-reported smoking status was thought to be sufficient, especially because it is a covariate and not the main variable of interest. Although BMI was based on self-reported measures of height and weight, several studies have shown a strong correlation between self-reported and clinical measures of these variables (39) (40) (41) . A random sampling of 27 of our own participants showed excellent (r = 0.98) agreement between selfreported and clinically measured weights. There was insufficient statistical power to examine human papilloma virus as a confounding or effect modifying factor, but controlling for site could be considered a reasonable surrogate for human papilloma virus status, because it is likely that up to 80% of oropharyngeal cases were positive for human papilloma virus (42) . Although the FFQ used to measure diet is susceptible to measurement error, which can lead to misclassification bias, this type of bias is likely to attenuate associations toward the null (16) . Because patients reported their usual prediagnosis dietary intake after their cancer diagnosis, recall bias related to social desirability, stress of the diagnosis, or concerns about contributing to their own disease could have occurred. Whereas recall bias is a concern, previous studies of diet and breast cancer indicate either little evidence of recall bias (43, 44) or that the measures of association are attenuated when recall bias occurs (45) . Future research in HNSCC populations should be conducted to determine whether dietary recall bias exists and how it may influence the study results. Despite recruitment efforts at an inner city and Veterans Affairs hospital, the study population consisted predominantly of white males; thus, the results may not be generalizable to racially diverse HNSCC populations.
In conclusion, consuming a diet high in vegetables, fruit, fish, poultry, and whole grains and an overweight or obese status at the time of HNSCC diagnosis is associated with reduced mortality and recurrence. Patients who consume low amounts of foods included in the whole-foods dietary pattern or with normal or underweight status may benefit from more aggressive surveillance throughout the disease trajectory. The results of this study highlight the need for randomized controlled trials aimed at optimizing the likelihood of a favorable disease prognosis via early nutritional intervention.
